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ELF NONLINEAR NOISE PROCESSING EXPERIMENTAL MEASUREMENTS

PART 3 -- SYNOPTIC SAMPLE OF DIURNAL AND SEASONAL
NOISE VARIATION IN ITALY

INTRODUCTION

The amplitude probability distribution (APD) of extremely low
frequency (ELF) atmospheric noise is highly nongaussian because of
the impulsive noise from local thunderstorms. In the study by
Ginsberg [l], it is shown that the APD of ELF noise exhibits approxi-
mate log-normal behavior between the 10% and 90% exceedence levels at
locations removed from major thunderstorm centers, and that during
periods of local thunderstorm activity the APD contains an enhanced
amplitude above the 10% exceedence level*. Ginsberg suggests that a
10 dB or greater improvement in signal-to-noise ratio (SNR) can be
accomplished by removing the high amplitude tail from the atmospheric
noise APD.

A technique to excise the high-amplitude tail has been investigated
by Davis and Meyers (F21_ and :31), in which a controlled non-linearity
is placed in the communications receiver at a point of wide signal-

plus-noise bandwidth. Evans and Griffths [4l have investigated the
form of the optimum nonlinearity, and find that near-optimum perfor-
mance can be achieved by employing a simple clipper that is adjusted
adaptively to limit between 10% and 40% of the time.

The purpose of this report is to examine the performance of an
ELF noise processing technique that employs wideband clipping on data
collected in the actual noise environment in which an ELF communica-
tions receiver will be expected to operate. Davis and Meyers ('21

and F31) have reported the results of wideband clipping to excise ELF
atmospheric noise for data recorded in Troms6, Nocway; this report is
concerned with similar data collected in Pisa, Italy and demonstrates
the improvement in SNR to be expected in the Mediterranean Sea area
from nonlinear processing. Data were collected for three one-month
periods during 1975 and 1976 that comprise the spring, summer and fall
seasons.

* The 10% exceedence level is the amplitude which is exceeded by less

than 10% of the samples.
Note: Manuscript submitted June 16, 1977.
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Below, we give a brief description of the dcta collection and pro-

cessing system, examples of processed noise data, and the conclusions
of the study. The nonlinear processing described in this report pro-
vides 6 to 12 dB improvement in SNR over performance obtained without
suitable processing. The diurnal variation and seasonal dependence of
the nonlinear processed noise averaged over a time span of several
weeks are predictable and reliable functions of the solar season.
Therefore, good nonlinear noise processor performance can be achieved
by employing a manually adjusted, one- or two-channel signal processor
whose clipping levels can be set on the basis of seasonal mean noise

level predictions.

DATA COLLECTION AND PROCESSING

The magnetic field (U1-field) component of the atmospheric noise
was measured by an air-core loop antenna coupled to a simple receiver
that contained both preamplifier and post-amplifier stages. Power
line frequency components were removed by notch filters inserted
between the two amplifier stages. The amplifier stages incorpcrated
bandpass filtering that produced an overall system bandwidth of 2 to
130 Hz. The filtered noise was recorded on an analog instrumentation
tape recorder. An extremely stable 76 Hz calibration signal, whose

amplitude was set to fall below the likely deepest clipping level, was
inserted into the receiver at all times. For a more detailed discus-
sion of the receiving system the reader is referred to Davis and Meyers
(1[2, [3]) and Meyers and Davis [5-.

Figure I is a block diagram of the signal processor. The analog

tape recordings were played back through the processor and the outputs

recorded on digital tape for subsequent computer analysis. The analog
tape recorder ELF noise output was fed to six parallel clippers after
notch filtering to eliminate power line frequency components. in

addition to power line frequency notch filtering, a notch filter at
about 110 Hz was incorporated to eliminate a locally-generated inter-
fering signal of unknown origin at the Pisa site. The 0 = 1 bandpass
filter limited the processing bandwidth to the interval from 38 to
114 Hz. The clippers were adjusted from -147 to -117 dB relative to
I A/m(dBA/m) in 6 dB increments. As shown in Fig. 1, the output of
clipper 3 was used in a phase-locked loop to maintain phase coherence
of the synchronous detectors. Thus the outputs of the detectors were
all in-phase with each other; after being filtered by low pass filters
with a 1 second time constant (resulting in digitized clipped noise

that is normalized to a I Hz bandwidth), they were recorded on a digi-
tal recorder. The normalization to a I Hz.bandwidth converted the
data to an effective noise spectral density that can be expressed in
dB relative to I A/m/(Hz) (dBH).

The subsequent processing involved computation of a quantity termed
."effective noise," which is defined by Bernstein, et al. Z61. The
wideband clipping processor affects both the signal and the noise;
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therefore, the SNR is not linearly related to the unprocessed noise
power spectral density. "Effective noise" power is defined as the
ratio of the known power spectral density of the injected calibration
signal to the post-processing SNR. The post-processing SNR was deter-
mined by computing the ratio between che meansquare calibration signal
amplitude and its variance after an effective 13 minutes of coherent
integration. The computer data reduction provides the following results:

• effective noise spectral density for five of the six clipper
channels for each 13 minute integration period;

* the minimum effective noise spectral density (RNSD) for each
13 minute integration period;

• the M NSD for each recording period (approximately 15 hours),
determined by calculating the RMS value of all the 13 minute
MENSD values;

" the standard deviation of the MENSD for each recording period;
and

" the cumulative APD of the MENSD for each recording period.

DATA ANALYSIS AND DISCUSSION

The data presented in this report were recorded for three one-month
periods at a location near Pisa, Italy (Lat. 440 N, Long. 1OE). Figure
2 represents the data from July/August 1975. This figure is a scatter
plot of the hourly samples of the NENSD. This representation of the
daca illustrates the diurnal variation of the data and the day-to-day
variability of the noise. Included in this plot are two lines that

trace out the hourly values of MENSD for the noisiest day (Julian day
223) and quietest day (Julian day 206) of the recording period. The
RXS value of the MENSD for a full day's analog tape is used as the
criterion to determine the noisiest and quietest days. In all cases,

3 the noisiest and quietest days from the standpoint of effective noise
coincided with the noisiest and quietest days from the standpoint of
nominally unclipped noise.

There are st ,eral important aspects about the data of Fig. 2. The
diurnal variation in the effective noise is very pronounced, with the
quiet day varying about 7 dB and the noisy day varying about 14 dB.
There is a general increase in the noise from the start of the record-

ing period until about 14 LIT. The quiet day noise then remains
relatively stable in amplitude. The further increase, dip and then
large increase in the noisy day's data is probably influenced by local
thunderstorm activity, as evidenced by a thunderstcrm-caused electric
utility power failure at the receiver site shortly after 19 UT.
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A complete time history of the effective noise levels is given in
Tables I and 2 for the quiet and noisy days. These tables contain the
individual 13 minute samples that comprise the data for that day's
recording period. Table 1 tabulates 73 samples by Julian day number
and Universal Time (LT) for the quiet day of the July/August 1975 data
collection period. The six columns of data presented are the values in
dBH of the RMS effective noise spectral density. Columns 1 to 5
represent five clipper levels spaced from -144 dB A/m (column 1) to
-120 dB A/m (column 5) in 6 dB increments. The sixth clipper's noise
level has not been displayed but has been replaced with the minimum of
the six effective noise levels (the sixth clipper never produced the
minimum value). The MENSD for each sample is enclosed in a box to per-
mit convenient observation of the temporal variation of the best
clipping level. Included at the bottom of the table are the daily
mean effective noise level and its standard deviation for the five
clipper levels and the minimum.

A comparison between the unclipped noise spectral density and th3
MENSD would show the improvement in SNR that can be expected from the
nonlinear noise processing. Unfortunately, the linear dynamic range
of the analog tape recorder used in the data collection is about 40 dB,
resulting in some clipping of the highest amplitude noise spikes.
Evans and Griffiths 31 have indicated that a receiving system would
require a linear dynamic range of about 80 dB in order to insure un-
clipped recording of all of the noise spikes. In the subsequent
discussion, we attempt to achieve an estimate of the improvement in
SNR provided by the nonlinear processing by comparing the results with
only slightly preclipped noise recorded on a narrow-bandwidth (I Hz)
channel.

The significant features of Table 1 are:

" The best clipper level varies fairly randomly between

clippers 1-3.

" The effective noise level variation between clippers 1-3
is confined to 0.5 dB or less for almost all the samples.

" On the average the effective noise level difference between
clippers 2 and 3 is less than that between clippers I and 2.

" The daily mean effective noise levels show that there is
0.1 dB or less separation between clippers 1-3 over the
entire day's data and these values are within 0.3 dB of
the minimum mean effective noise.

The tabulation of nonlinear processed noise for the noisy day is
contained in Table 2. The best clip level for this day's data varies
randomly between clippers 1-4 and even to clipper level 5 (-120 dBA)
for one of the samples. The effective noise varies by 1 dB or less



between all five clipper levels from about 11:32 L7 to 18:27 UT (with
only a few exceptions). As in the case of the quiet day's data, the
difference between clippers 2 and 3 is generally less than that between
clippers I and 2. The daily mean effective noise for clippers 1-4
varies by 0.3 dB or less and is within 0.4 dB of providing the minimum
mean effective noise.

Of the three seasons' data examined in this report, the highest
amplitude noise occurs in the summer season because of greater local
thunderstorm activity. Tables I and 2 indicate a wide choice of

clipping level can provide equally good performance of the nonlinear
noise processing technique. The indication is that when local thunder-
storms give rise to many large amplitude noise spikes, large differences
in clipping level have little effect on system performance. Davis and
Meyers (2] and '33) noted this same effect.

Figure 3 shows the cumulative probability distribution for the
summer minimum effective noise data, compared with noise measured
simultaneously in a narrowband (1 Hz) recording channel without non-
linear wideband processing and averaged over a 1 hour period. The
nonlinear processing provides 7 to 12 dB of improvement over condi-
tions in which no prefiltering processing is attempted. As previously
mentioned, the narrowband recordings are limited to '0 dB dynamic range
and the frequency of large amplitude noise spikes is greatest in the
summer season. Therefore, the narrowband noise is unavoidably clipped
in the recording system by some unknown amount; this circumstance
results in an underestimate of the unprocessed-noise level.

Figure 4 contains the hourly samples of the MNSD for the data
taken during October and November 1975. The diurnal variation is

= somewhat more pronounced than for the summer data, but the peak-to-
peak amplitude variation of about 6 to 7 dB is smaller than the 10 dB
typical of the summer data. There is a minimum at about 09 UT for
both the noisy and quiet days. The noisy day's effective noise is
generally more regular in appearance, whereas the quiet day displays
a broad, irregular minimum between 02 and 09 UT. The separation
between noisy and quiet day data is larger than for the summer data.

Tables 3 and 4 contain the time history for the effective noise
levels for the fall's noisy and quiet days respectively for each of-
the five clipper levels. The clipper levels vary from -147 dB A/im
(clipper 1) to -123 dB A/m (clipper 5). These settings are 3 dB lower
than the summer data levels because of the lower noise level encoun-
tered in the fall season. The best clip level for both days' data
varies between clipper levels 1 to 4 but shows a definite predominance
for clipper 3"for most of the samples. The best clip level does not
follow the diurnal variation in the minimum effective noise, possibly
because of insufficient notch filtering of interfering cultural noise
that was present in these data. However, the other features of the
nonlinear processing are still readily discernible. For the noisy
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day's data of Table 3 we find that a difference in performance of
0.4 dB or less exists between clippers 1-3 for most of the samples.
Similar statistics exist for quiet day's data of Table 4. A differ-
ence in performance of 0.5 dB or less exists between clippers 1-4 for
most of the samples. This small difference in performance is con-
firmed when the daily means are examined. For both the noisy and
quiet days clippers 1-4 are within 0.6 dB of providing the lowest
effective noise.

The cumulative probability distribution for the minimum effec-

tive noise data is shown in Fig. 5 along with narrowband (1 Hz) noise.
The nonlinear processing provides 6 to 10 dB in improvement over the
unprocessed data. We emphasize again that the limited dynamic range

of the recording system unavoidably clips a portion of the narrow-
band noise, and hence this improvement is underestimated.

The hourly samples of LENSD for the data from March and April 1976
are contained in Fig. 6. The diurnal variation for these spring data
is similar to that for the fall data: The peak-to-peak amplitude is
about 6 to 7 dB, and the minimum in the effective noise occurs near
09 UT. The absence of a mini-mum for the summer (Fig. 2) is the result
of increased thunderstorm activity during the summer season. Both
the noisy and quiet days exhibit some irregular behavior. If these
irregularities were removed, the two curves would present a smooth
gradual decrease to the minimum at 09 UT and begin to rise again.

The time history for the spring's noisy and quiet days' effective
noise is given in Tables 5 and 6. The clipper levels are the same as
those for the fall data. The best clipper level varies between
clippers 1-4 for both days and more or less follows the diurnal varia-
tion of the curves in Fig. 6. Table 5 for the quiet day's data shows
that there is 0.4 dB or less difference in performance bet-een clippers
1-4 for almost all of the samples. This small difference in perfor-
mance is confirmed by noting that the daily means for clippers 1-4 are

ecual and are only 0.3 dB away from providing the minimum daily mean
effective noise. Table 6, for the noisy day shows a higher dependence
of the effective noise on ;Iipper level. There is 0.5 dB or less
difference in performance between clippers 2 and 3 and between 3 and 4
for most of the samples. But between clippers I and 2 this level of
performance exists for only about half of the samples. Nevertheless,
clippers 1-4 provide performance that is within 0.5 dB or less of the
minimum daily mean effective noise.

The cumulative probability distribution for the minimum effective
noise is shown in Fig. 7 along wth that for the narrowband (I iz)

noise. The improvement provided by the nonlinear processing is 4

to 9 dB.

In order to compare the noise data for different seasons of the
year, Fig. 8 contains the cumulative probability distribution for the
minimum effective noise for the three seasons. The fall and spring
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data are very similar and differ by at most 2 dB for all exceedence
levels. The suimner daytime noise is 6 to 7 dB higher than the spring/
fall noise for all exceedence levels. This seasonal amplitude varia-
tion is very similar to that found by Davis and Meyers -3J for Norway
noise, i.e., the spring noise was slightly higher than the fall noise,
and suner noise was 6 to 7 dB higher than the spring noise. In
general, the Norway noise is 2 to 3 dB lower than the Italy noise.

The daily minimum mean effective noise values in Norway and Italy
are compared in Table 7. Except for the summer noise on the noisy
day, for which the Norway value is slightly higher than the Italy
value, the noise is 1.5 to 3.3 dB higher in Italy. This result is
not surprising, since the Italy location is closer to the equatorial
sources of intense thunderstorms.

CONCLUSIONS

Data presented in this report are for one month periods for the
summer, fall, and spring seasons of the solar cycle. The data repre-
sent a comprehensive sampling of ELF noise conditions at mid-latitude
for nearly all hours of the day.

Several important conclusions can be drawn:

The greatest variation-in IMONSD from the noisiest-to-
quietest-day occurs in the time from 06 to 10 LT or 22 to
02 UT. These times coincide with the movement of the
sunrise-sunset terminator across the receiving site. This
circumstance is consistent with the expected rapid iono-
spheric change that is associated with sunrise-sunset
conditions.

- Under noisy or quiet conditions good nonlinear wideband
noise processing can be achieved by employing a simple
clipper. The amplitude setting of this cip level can span
approximately 6 to 18 dB and provide the best level of
performance nearly all of the time.

- Nonlinear noise processing of this type can provide at
least 6 dB of improvement in SNR over processing that pro-
vides no pre-filtering of the noise under virtually all
noise conditions. This 6 dB of improvement is an under-
estimate of the improvement due to the unavoidable clipping
that took place in the narrewband recording system with
which the clipped data are compared.

The general tendency of the data is to confirm that both the
diurnal variation and the seasonal dependence of MENSD, and
the cumulative probability distribution of effective noise

7



spectral density averaged over several weeks time are
predictable, reliable functions of the solar season.

These findings suggest that good nonlinear noise processor per-
formance can be provided for the high-noise conditions that represent
the co-munications systems performance limit by provision of a manu-
ally adjusted, one- or two-channel signal processor whose clipping
levels can be set on the basis of seasonal mean noise level predic-
tions. On the basis of the finding by Evans and Griffiths -4] that a
properly adjusted clipper provides performance quite close to that of
an optimal nonlinearity, we conclude that this relatively simple and
inexpensive expedient can provide near-optimum performance for ELF
communications systems operating in the environment of atmospheric
noise.

Finally, we note that both in the case of the probable ELF signal-
ling formats used in the noise-processing simulations by Evans and
Griffths :-4) and the simpler continuous wave reference signal format
we used, the rather long coherent integration tines necessary to
achieve acceptable SNR resulted in matched filter outputs that obeyed
a gaussian amplitude probabilitv distribution whether or not nonlinear
processing was employed. We believe the achievable imurovements in
SNR suggested by our findings may be translated accordingly to improve-
ments in communications bit error rate.
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I 2 206 13 9:4 - -140 9. -140 - -1410. -139. 4 337 206 16:22:19 -14031v -- 4101 -1306 -11#2
34 206 i4:2 54* 1 -1i41 713 -11 4 _J-I -I141A8 -i1. 3 -. 14

34 206 16:3 5:37 -141 -141.0 -141.! -1'0.9 -139. -1414,
50 206 13513'51 4-1410. 46 -140.6 -140.2 -139.7 -1 6
31 206 14;1431 -141.5 -14.9 -141 11 -0392 -140 5
32 206 17:27:4 -141.1 -140.2 -141.8 -140.3 -140tb5 -0,4
53 206 17:30:84 -141.3 -140*5 -140,6 -IA0.3 -139.A -141.
4 206 17#5: -!41. -110.1 -141 -14 -53 -391,1
41 206 1555: 4 o4 1-4o 0 1 -4 . -140J. - 39. .......

45 206 15 6540 -140+3 --141.- -1400 14 -139 04 6 206 18 :1 -3 -13 -1W. -1340-
47 206 i8:32:21 -131.6 -141.9 -141,0 -o.6 -13 0 141469 206 16*#48:40 -14 1 -41 1 -140.80 -14106 -1440.8 -1 . 2

t0 20 7;!3 -141. I-!4i51 -191.2 -1439.2 8 13A -14-t5
48 20 6 i7*14531 -i4 5 1 - fI + 0 -141 10 -140 -139t-8 -141 *6
49 206 17524473 14. -141*2 J-!41tO-1-1-40-6 -130#0 -1"i15450 206 1- .... 28 1 ,4-AI6 A-- 7 .Q,,.#w 14 3 -I-,. -141-0 -1 -0 * -2 3 1 1-? 54 20 f*#i 4-53 12 -141o,0 -141 -.7 13 10. 1 ., -141,55 06 18 6:4 14 ,3 -i1.l --1 .8 -1-1404 -139,80 -1Irl 0.

5 22 7*2.0 -141.1 -141.2 [-1 3, -I o0-i85- -8-0. 43 . ...
: -57 206 18*32 21 18, -i3 --i38.- -1-18.7 -=i38-0 -139i



13 206 9 38 15.6 -15. -145,2 -14 -t 145.6 -
14 206 9:14:7 L±As53 -145 44, -143.8 - Q.2" -. 5.3 -

15 206 9:27:35 -144,6 -144 8- 1n4. 0 -ls . 144. - c
16 206 9:40633 5.3 1-145. 1 5.0 -14 ; -143- -14)
17 206 ' -1 3 - 145 -115.3 -1445 -1 4 -14:5
1820610:6:30 -14t5 -145.0 1-145.1 -14-.3 ..- .--- I- Qt -206 j0 i - 

-1t.:-- -995. 2z9- 2 5.-I -3 145. - 1451. 4 4

21 206 30:19:28 - ,4 -145.. -9- -. -114 3 -1 4- Q 26226- l -- 5, .' "U).210 1044 2 2 -I 1A5.1 -11 1 1
22 206 10:58:23 -i450 -144., -143.6 12 1452
23 206 i =1 " -,, -44.- -144.3 -143.9 -i . -144.7
24 206 1i2A!9 -14-. -143.9 -114.0 -1 42. -. -14a g, 4
25 206 11: 37:17 C1"3,2 -144.01.3.6 -1422
26 206 11:So0s mi3s -143.2 -143.0 -:421 -14.2 -- 43.5 rt
27 206 12:* 3:14 -143.1 [-143451 -i-13.2 -142.0 -141.44 -143,
28 206 12:16:12 -142.7 143.01 -142.7 -142.2 -141.4 -13.0
29 206 12:29:10 -142.3 -lt24 -142.1 -141.3 -140.2 -124 2.
30 206 12:42: 8 -141.5 -141.3 -141.3 -141.0 -140.2 -41,
31 206 12:55: 7 -142.2 -142.2 -142.4J -11.6 -140.6 -142o-
32 206 131 5 1-141.31 -140.9 -141.1 -140.5 -139.9 -141.3
33 206 13:21: 3 -141.2 1-141.9 -141.3 -140.6 -139.7 -141 5
34 206 13:34: 1 1-141.3 1-14131 -140.8 -14-0. -139.8 -141.3
35 206 13:47: 0 -1414 -141.1 -141.4 -1410.9 -140.1 -141.43__20A 13:59:58 L-1±AJ -140.4 -140.6 -140.2 -139. -14Q6
37 206 14:12:56 2 -140.9 - 2 -11 1 1.
38 206 14254 -1414 - 141.
39 206 14:38:53 -14017 -140 1 3 -3 141.-
40 206 14: ' 1:1 --
41 206 1: A: -140 .- 740o7 -140.6 -9 9 -140.7
42 206 15:17-47 -1.0fl -3Q 1 402 -i40°i 1 -140.4
43 206 153r4 6 ii -1 b AC -. 141,w
4l 206 15:42 -140 -- . -A- -141.1
45 206 15r 5 .42 ___ If

I" ... iA-40.2 ..... 1AAA 206 16 :4 0-

48 206 16 3537 f-!if6 -110 -11, -106 ±19, -141.6
49 206 16:4835 -- [-!!, 1.0 -- ' -1 ... 141,3
50 206 17 1 -1 - 4 141.6
51 206 1 i22 31 m -2 -141 - .. -- 11.
52 206 1721 - -1 -141.6

=,:3 206 17.-qv,2o -1131 -j40_-- -ii1,0 -=.4 -. 8 1,1.354 206 17:53:26 o, -41.1i..3 - 141,3
55 206 18: 6:24 3 141 1 0 14

56 206 18:19:23 7 - =13" )-t 139.
57 206 18 201 6 -13? -i -14 1 139.
59 206 18- A -140. 4 4 - 140.4

4 206 8:5:19 4 - - -139I60 206 19!11-t16 -19S 140o4I -140.1 1i96-38_6-40.4
51 206 1 :241 142 1-0 J 10 -i C.4 -3 i4 0
56 206 19:37:12 1 t 9.7 - 03 40.
53 206 19:50:10 -140 -01 140.654 206 20: 3 9 t7 -103 -3140.

55 206 2168 -; 7 - A -140, 3-140 . -14i - *%± _3 -1410.1

60 206 20:2_:"5 [ 3-1399 -94 - __ -140.8
62 206 20'3 3 -1 39-i 140.0. .206 20 : lo- -- - -0 14 -0 141.2
69 206 21 0 -1 -914 -1 Il0 -140. 3
70 206 21 020-58 -130t4 -140.9 - -1 140.5
71 206 21 0 o 3 - 140 - -13.8 -140.3
72 206 214.55 -13.3 -1394 9 137.3 -139.7

mom I T -Z

73 206 2 453 13j - 1 -38j5 -139.4DAILY5304 -1EAN -19 - -iA -.9

DAILY MEAN flao _ -14 -142.4 -1A.1R -l41. -142.7

STANDARD DEV. j25 2.5 22 2.1 2.4



-r W*mcr EFFECTIVE NOISE LEVEL

z 2 (DB RELATIVE TO lA/rn1! Vizi
cc

7l -4 b
12 3 4 5 MIN.4;

I -1+-114 t

4 -1 -.-

3.Z

.~~~ ~~~ -~143.5 1J' 416-4.

-4-4.1410.6 - 47 ,Z
('i

-13.8 -13 - 7. -173 -'

1 ~ ~ -132.81 -136.1 - - -13 . ' -13- ric

-13~3 -16 A 1- -36. -13.6 - -.

-136 - 136 41.3 4 1 5 4-36.1 1
C --1134 34. -1340.1 123

F x -13 -12. -±-40.8-15.

-141.7 -134; 1 342 - 31 -134.
-133.739. -143 - 3.B513.

-137-133 i33.90 -14.0V
121 -131.6 -12.

-139,2? -13 1 -8 -138.7 -139".0
Z'~± -13 -137.3 -1350

-133,5 o 2.iz 130 -3. -139.03t

1-~.± -135.7 8.1 180 -1S3 -137,3 -135.7
=1~"~ -133.8 -133.51- - -37.7 -137.6 -137P

2c. -1 3:55 -136.1 -1325 13. -32.9 -136.1
3 l 32 -136.3 -128

_134.3_17 121, -120. IA.



_-2 ~ 4-- 5 MIN ______

NV-144, 1 'A 4 ~ S 2 - i

.21 4. -1 1-
"17 3 4.3.' S.30-

*,3 .3 8-.7a

11y -144. 14 -14 10. 4' v)

8 4~ 38' 41

8343.5 -14 ,4*3 6 1 a 3. 5
1 14~ 7 A/3 1 -140 - 40. -Z

A- rt~"~

a--' A z..1.6 A143

-12t 1 4' 2 6 -- 45 -140).. -1 .6EC

1 1142, 1- 2.4 1 5J, 12

Q142 -13 . I C91 -, C ; l

23 11.5. -139. -139, -8- 2 -140~ 3~.
2522 30 -149.0 -1. -1e0187-18"-3.

U6 C13 i 1 -13841 . -'318. A 18. 1 *9 -37 t13 4-
21 223 12:-40 -137 -17.25 -13. AO 2.0 -13,. -14.5

it-3 -14063 -14 130.3

2 -114 -3 * -139'.2 - 9.0 -3 5 -3 . =
2 -3 1 :5 13 * 139. 2, - .3869 -3S .3 -3-0 -3 .

2~ -23 1 :1- 5.3 -13.15. -1-8. -37*8 -137* 138.,.40

2 E1= a- 138.1 18. -2 35.
4' -2 13 12: -138# 7- * -137- -3 .

2 - IS .5- S- - -13 . 1 43- 3 5-- - 1:6

2- 32 - - f 16L--36.4 133. 6. 13 5 7 136.0
--J ~ * '' 1 46 - -136

1. 2 ,136 -136.2 3'*V
3 -3 .- - 1315.t9 36.

w- 1 4-3 v13,5 -±34.3
t -134.1 -42.

-133.4 -1737 --- a 13 2 -13348

7.1/ 3 -1343 4.8 3~ 1A -34#9
223 317: -12.3-. 1-15#4 -1 5- -13 .

213 17: -1±34.

2232 1-13-29.4 -12 3i. 8 .a 2 . L3 -'3021

2 23 169: 3 -121.9 -13 2 -11 2 1 z 13 2.6

DALMA 179 -13 4.7 0 -134.0 -13 46 -1336.- -138.06

-1-ND5-9DE3 5. 4.6t 45 - .53.811 -3.

18;-*14-15 18



tN

& Ll
a EFFECTIVE NOISE LEVEL

-J

Z

Zh (DB RELATIVE TO 1A/m/j Hz)!'T

a . 30- 205_ -118[!-U-1.i i3i-i!9 -4,S-1 2 3 4 5 MIN. 4

1: 309 205:22 -1.8 - L142 -143.1 -141.9 -143.1
6_v 2 309 20:18:22 -141.5 -51423 -142.5 -142.6 -141.6 -142.6
3 309 20:3121 -141,8 -141.9 -141.8 -141.9 -140.7 -141.9 cNY _ _ _ 4

4 309 20:44:21 -14-2,2 -1448 r-1431 -1431- -141.7 -14 3.1
5 309 20. -.. -142.2 -14.4 -142.8 -143.1 -141.8 -143.1 >
6 309 21:10:19 -142.2 -142 7 -142.4 -142.b -141.2 -142.6
7 309 21:23:18 -141.9 -i42 -142.5 -142.6= -141.5 -142.6 6 a,

138 309 21:3118 -141., -1 -4 -1415 -141.4 -3.O :41 00

14 09225414 -1I_ 0 ,,,f 14.8 -141.-= -37403 -141t5 .

9 309 21:49:17 -141.6 -1426 -142.8 1-142 -141*0 -142.7 z m
10 309 2:2: :17 -141.8 -I4j - -14= -141.0 -142.6

10 309 22:28:16 -44 -142.0141.9' -1421 -140.0 -142.6 -

13 309 22:5:15 -12.25 -1 0 F1 -1461. -140.3 -143.2 S

14 30 0:1,114 -IA_ 8 -14. -13 -14' 9 -140.3 -141.8 o

15 309 23 7:2841 14 1jf4 14 120-1 -140.0 -142.8 1

16 309 2:2501 -2 0 - o 1 -141.3 -142.
17 0 -1430 25 -140. -142.8

18 309 23!7'10 -i-.9 14226 -i42O7 -14_.8 -141.7 -142.8 >

19 309 23:51:1 -14 -142459 -142.1 -452 -!4. -14.21+
>o20 310 0'111 -14 1 IA -141 -141,4 :43.2 -

21 310 : 25: -14.4 -143-8 -1 9-143a -141.9 -1435
71? -- 143P1 -1424 -143.2

22 310 08102 -143.8 -144t -14.-147.7 -14+2

301 310 2022 5 - -1-40 -i Z0 -14 . -I7. A138 -4 .

3 310 o:5: 9 -144.7 -14.9 -145.1 -145.0 -143.3 -145.1i

24 310 ±: : 4 -i59 -1 5 5 144..1 -145.1 -142.4 -144.36*

25 310 317:3 -143 -143.8 -143.7 -143-1 -144.9 -143.8
0 1 -1 -7 -145.1

27 310 3:437 -14t 144. -14 -1424 -144.
28 310 41 6I -14A1 1-142.8 -144.2

3 310 24 90 -1 0 47 -414 -143.1 -14>5
9 310 2 6 -11, 1-14a3 -146 -144.1 -145.4

31 310 234459 -14.4 -144. -.8 -143.4 -141.9 -145.1
32 310 2:4 4T 1 - 14 .33 7 -14.8- i44, -143.2 -144.9

4 310 3:1: 3 -1154 -145. -14. -145. -143.8 -145.8
28 310 3:2:5 -1463 -48 -146.7 -146.1 -144.4 -146.8
36 310 23 2 -14 -1466 -147.0 -145.7 -144.2 -147.0

37 310 2:S 12 -145*6 -14A 5.9 -14. -21453 -144.0- -146.0a
38 3-10 4: &:4 1 -1 A46.2 - 146.9 0-146.9 -145.8 -144.41 -146.1
39' 310 419-0 4 -147.0 - 147.0 -147.- 5 -14 -144.10.
40 310 432 01 - 14855.3 - 45 . 1-148.36-1146.6 -145.0 -148.3
34 310 4:44:59 -147.2 -147.7 1-145.81 -146.4 -144.8 -147.8
42 310 4:5759 -14A.3 1-146.01 -146.5/ -145.5 -144.0 -146.58

46 310 549:57 .4 -1463 -146.3 -145.7 -144.1 -146.4

47 310 62:57 -146.0 -145.8 -146.1 -145.3 -144.1 -146.1
__ 482 310 4U5 76. 9 -146.5 -146.9 -146.53- 145.55-144.11 - 4i.. 6 , 5



0 309 22: 2:17 -1418 -42.4 -142. 5 -142.6- -141.0 -142.6 C:
11 309 22:15:16- -142.5 - -14. 1 -142.6 -141.3 - 143.1

12 309 22:28:16 -141,4 -142,0 -141 9 -42.1 -140.0 -1421
13 309 22:41:15 -42.21 -142.0 -1-- 1 -141.8 -140 3 -142.2 cc

14 309 22:54:14 -1410 -141*7 14.8 1415 -140.3 -141.8
15 309 23: 7 14 141.9 -142 i -142. 12 -140.7 -142.8
16 309 23:20:13 -142.4 -142, LI2 12.5 -141. 3 -42.8.
17 309 23313 141.8 1-142. I 41. -140.6 -1426 >

18 309 23:46:12 142,2 -142.2 -14202 -i42*8 -141.0 -142.8

19 309 23:59:1' -142.8 -142 -14 .iL-14 -142.1 -143.2 v 2 4
20 310 0:12:1± 142.8 -143.1 -1iC -  14-.0 -141 -1 43
21 310 0:25:10 -1430, -143.F -I At. - 143*5 -141.9 -143.5 - z
22 310 0:38:10 -143.8 -143. 6 -1437 1-143.8 -142*5 -43.8>
23 310 0:51: v -144,7 -144.9 -1I5A! -145,0 -14343 -!5.1

24 310 1 4: -143,5 -144.1 -143 -1.5 -4.I -144.3
25 310 1:17:8 -147*4 -143.8 -143.9 -143.3 -141- -143.9
26 310 1"30:7 -142 I-144. 1-i447 -1,2 -143w0 -144.7

27 310 1:43:7 -43.7 -144. 45 -144,2 2 -144.5
28 310 1:56: 144.1 -i43.8 -142 - c -.

29 310 2 9: -144.6 -144 4 -S145 -i4.4j -144-± -145.4
30 310 2:22:5 -45.1 -14542 1 - -145.3
31 310 2:35: -144.2 -145 - -147 -143.1 -145.1
32 310 2:48: 4 [-144.9 -344 -148 8 -ai452 -144.9

33 3-10 3 1: 4 145.3 -145 ± 51 -143.4 -145,6
34 310 3:1: 3 -145. -145 15 3 143.8 -14485.8
35 310 3:27: 3 -146.3 1-146.8 -146.7 -140.1 -144.4 -146.8
36 310 3:40: 2 -146.5 -146.6 -147.0 -145.7 -144.2 -1i47.0

37310 3:53 -15.6 -145.9 -146.0 -145.3 -144.0 -146,0
3 310 . -146.5 -146.9 14K6.9 -145.8 -144.4 -14.9-1-5.9 144. 1 47

39 310 4:19: 0. -147*0 -14,0_ -±4 * 145.9 -144.1 -147.5
40 310 4:32:0 -148.3 -4 -1.3 -146.6 -145.0 -148.3
41 310 4:44:5 _ 7472 -147.7 ----. 8 -146.4 -144.9 -147.8
42 310 4*57*5n -146.3 -146. -1465 -145.5 -144.0 -46.5

43 310 5:: 10:5: -445.4 -14 -146. -i45.i -!43JZ -146.0

44310 5 '. -12 31. - 146 ''t...4 145.4 - 1 3-7 -146.4
45 310 5:36:58 -146,5 -146*5 -10 -146.3 -144.5 -147.0

46 310 5:49:57 1-146.41 -146.3 146.3 145.7 -744.1 -146.4
47 310 6: 257 -146.0 -145.0 14. 1 145.3 -144.1 -146.1
48 310 6:15:56 146.5 -1469 -147.3 -146+1 -144.7 -147.3

49 310 6:28:56 -47,4 -147. 146.5 -14. -1 47.
50 310 641:55 -146.6 1-146*71 -14-.6 -145.9 -144.5 -4,7
51 310 6-545 -146.1 -146.4 -146Q -46.1 -144.6 -iM.9
52 310 7: 7:54 -145.9 - 9-lA.9 -145.7 -144.2 -14 695 31 120:5 4 -147. 2 -14. -~-48 --145 -7 -i-14.053 310 7:20:5- 9 -147,6 14.0 146.9 14. -1f.0

54 310 7:33:5 -147.0 -147.1 146.5 -145.4 -4 a8
55 310 7:46 53 -147.5 -147. -147.7 -146.7 -145.1 .7
56 310 7:59:52 -146,9 -'4- .- !-6 -146.6 -145.1 1 6
57 310 125 .. 4 .71 'I I 4 -4A-7 -1447 -14A1

58 310 8:25:52 -147.4 -148.1 -14816 -147.3 -145.8 -148-6
59 310 8:38:5± -147.9 -148.7 -148*8 -147.5 -145.7 -148.8

60 310 8:5151 -147.7 -148*9 -149.4 -147.6 -146.0 -149*4

61 310 9# 4:5 0 149,2 -149.3148 -146.1 -149.9
62 310 917:5 148,7 -148AS 143 -146.1 -150 8
63 310 9:30:49 -4.5 -1481 -149.3 -147,9 -145.8 -149.3

64 310 9:43:4 48.4 -148.3 -14R.2 -147.8 -146.1 -148.4
65 310 9:56:4 -1J48.0 -147.5 -U -147.5 -145.7 -1480

66 310 i0: 9:48 -146.8 -146. 1-146.81 -146.8 -145.0 -!46.8
67 310 10:22:4 f -i46,6 -14.3 -146.5 -146.3 -144.5 -146.6
68 310 I0:35:47 -145.8 -145.8 1-146.0 -145.7 -144.6 -146.0
69 310 10:.48:C7 F-'4-.6 -145.6 -145.5 -145.3 -143.7 -145.6
70 310 11: 1:47 -145.O -144.6 -1447 -145.0 -143.7 -145.0

DAILY MEAN -144.9 -145.2 -145.4 -144.9 -143.4 -145.5

STANDARD DEV. 2.3 22 2.3 1.8 1.8 2.3

=1



ui ~EFFECTIVE NOISE LEVEL r

z
Di 2 3 4 5 MN

1 328 21210 0 53 24 67 -4.146,'j --'146L 4-q, 6- : #1467
2 328 21:33: 40 S -146.4 -. 1.471.0 -146.8 -:L146.6 -- 144,3 -:L147.90 -
3 328 21:46: 4' 'J -147.8 -147.9 -147.7/ -:147, 2 -1 4U , 2 4.

4 32+15~ -147.5 -148.0 1-348.-0 -147.6 -143.3 -148+0
S 5 320 22:#12:4 4 -147.7 -- 148.6 L:148.6j -14 8. 4 -162 -148.6

6 328 22:25:+ 4 -147+9 -148.8 -148.7 -148.6 -:146,1. -148+8 -

7 328 22:38:+ 4 -148,8 -149.4 -149.2 -148 o6 -146.*3 -149.40
8 326 22:51: 4 -A49.+3 --:L15 0 o6 -:149,8 -149+:L -147, 4 -:L50.*6 00

'.9 328 23: 4+ 3 -149.6 -15:1 o0 -:150,4 -150 #0 -47.+4 -151+0
10 328 23:+17:f 3 -149.7 -113-150 4 -149+7 *175-151.3
11 328 23:t30:* 3 -150.7 1-13,2 -- I3. 05-148.1 -153.2
12 328 23:43:* 2 -150.0 -148o9 -151.3 -4130.*6 *-148+3 -151.*3 _4 cu

- 3328 23:56:+ 2 -1500 -1l4 9.8') --150, .--.1-4, -5.
14 329 0:4 9 ; 2 -150. 1 -150 :O.5 -15 0.2 -1 7 - 5

S 15 329 0422' 2 -- 150+4 -150.6 -1.1. 1.t 0, 8 -148.( +7 -1+1 o
16 329 0:*'35:# 1 -150.9 -151.0 -151. #3 -150.83 -148.3 r--5:1. 3

17 329 0:+48:' 1 -150.2 -150+4 -150.6 -150.3 -148.0 -1530.-6 a )
18 329 1* 1: 1 -150.,7 -109-1L52.0 -:1.51 +3 -:_4 S.6 -.1532 .0 r
19 329 1:14: 0 -150.2 -150.+6 -150o7 -:150.*2 *1.8 -150,7 m0

cn
20 329 1 t27+ 0 -1.50 +0 -149. + -150.4 -150. * -1 I -:150,*4 c
21 329 1:440:* 0 -149.9 -15041 -150.6 -150.15 -148.4 -150.6
22 329 1*.53# 0 -149.9 -150.0 -150.8 -150.7 -148,2 -150.8 dQ

23 329 24 5:59 -150.5 -150.6-1.1 151-187-.1.
24 329 2:#18:+59 -150.7 -150.6 -151.4 -15 1. 3 .14 9.2 -151#4 >,
25 329 2: 3:1:15 9 -130+6 -150.6 -15. js1 .0 4:8.8. B -151 ,0 1
26 329 2:#44:+59 --149.4 --149.6 -150.4 e-0,1 -14 8.2 -:1.50.6
27 329 2:#57:.58 *~oo-150.3 1--150.61 -150.3 -:4, -5.
28 329 34404#8 -150.0 -150.3 - 1'150.+8 1-150,91 -148+6 -150.9
29 329 3:23:058 -150.3 -150,6 1 . 0 -150.7 -148.7 -11.0(
30 329 3:+36:538 -150+4 -150.9 -13. 6- 1.51... -:149+6 -151.6
31 329 3:+49:57'/ --149.8 --149+7 -150.' 5-1 51 .1 -149.0 -131.1
32 329 4+ 2:#57 -150.4 -.151 .0 ft. 5t + 151 '5 -149.4 -15: 1,+5
33 329 4:#15:457 -151.0 -151.0 j -1 .2 --149.8 -151+5
34 329 4:#28:57 -150.5 -150.5 -151.0 1-5.2 14. -151.2
35 329 4:441:56 -150.4 -105-150.9 W11 -149.4 -:151+1
36 329 4:t54:456 -151.4 -151.2 ~18 -117-149,9 -:1.5148
37 329 5*+ 7:156 -151.2 - 15 1,*4 -:1.51,6 ~20 -- s1.5 *I -152. 0
38 Z29 5:#20:+56 -150.9 -114-151.4 -150.9 -190-151#4
39 329 5+33*55 -150.8 -150.9 -151.4 1-151.41 --149.7 -:151.4
40 329 5:f46:551 -150. -B515 -151,9 -151.7 -149.6 -131.9
41 329 5:9f -150.6-:.o~ -1.50.9 -109 -148.6 -150.9

42 329 6:12**55 "-7150.+6 -150.3 -150.+6 -150.4 -- 148,6 -150.6
43 329 6:+25J:'54 -149.8- -150.2 I-150,6 -150.5 -1.48+:1 -150,6
44 329 6+38:#54 -149.6 -:149. 7 -10. I. -18, 150.+1

45 329 6451:54 -149.3 -149+4 -149.9 -148.4 -:150,1
46 329 7* 4:454 -149.5 -149,7 1-150.01 -149+8 -:1.483 -:150.0
47 329 7:'17:5F3 -149.3 -149.5 -149.9 1-150ol1 -148.2 -150.1
48 329 7:30:5; 101-5. . -150.+6 -148.9 -1,8
49 329 7:43:+53 -150.2 -150,2 1-100'#84 -150,2 -166-150.4
50 329 7:56:*53 -150.5 -150.1 -150.6 -109-149.1 -5.

_ -2 __ -- --j~-



-11 32823 30.. j 5 3 .2
12 328 2 3:43: 2 J 0) ---1.. - .4,.80.6 ..-148.3 -. 15:1 .3 " /

13,a~35: 2 i "- ( .- 149. *- . " -- 150.0 --.1. 4 /. 5 - 150,6 ' .I13 328 23 4+56 2 1;0o0 1 9 * 8 -:L O. 150+0 4/.oJ --V 6C. -

- 14 329 0f 9: 2 --:I. 0. -150.2 -15(),. -..5 o2 -:1: 7t7 -1 05 - ,4 t-)
15 329 0-22' 2 --504 .-150.6 -151.1 -150 -. 48.7 -.. 1..1 o
16 329 0:35: 1 -150.9 -151.0 -151 .3 -'1,50.8 -148.3 -:1-51.3 -

17 329 0 48? * -150.2 -150.4 -150.6 -150.3 -148.0 -150.6
18 329 :[*1 1? 1 -15 07 --.150.9 -152 0 --51.3 -148.8 -1.32.0 .4
19 329 1:14: 0 -150.2 -150.6 -:150.7 -:1.5C.2 -147.8 .-.:150.7

U)
20 329 1:27: 0 -150.0 -149.1 -150.4 -.15041 -147,6 -150.4 c.,4

~0
21 329 1:40: 0 -149.9 -.150.1. -150,6 -150.5 -148,4 -150.6 z
22 329 1:53: 0 -149.9 -150.0 -1.50+8 -150.7 -148+2 -150+8
23 329 2. 5:59 -:1505 -150.6 -151.1 1-151+1 -148.7 -:151.1 14
24 329 2:18:5,9 J--150.7 -150.8 -151.4 -151.3 -1-19.2 -151.4 >
25 329 2:3:1:59 -150. 6 -:50+6 -151.0 [-1[o -:1438. -151 .0 V 4

26 329 2:44:59 -149.4 -149.6 -.150.4 .-50.6 -148.2 -:150.6 
27 329 2:57:58 -150.0 -150.3 --150.6 -150.3 --148.0 -150.6

2B 329 3#0:L058 -150.0 -150.3 -150 8-150-.9 --148.6 -1.50,9
29 329 3:23:58 -150.3 --150.6 -151.0 --.150+7 -148'7 -15:1,0
30 329 3:36:58 -.150.4 --150,9 15.1.6 -151.5 -149.6 -151.6
31 329 3:49:57 --149.8 --149.7 -:150,5 --151.1 -149.0 -151.1
32 329 4 2:,57 -:1.50.4 -151.0 J-1,51 .5 1--1.51 .3 --149.4 -131. + 5
33 329 4:15:57 -151.0 --151.0 -151.5 -151.2 --149.8 -151.5
34 329 4:28:57 -150.5 --150.5 -151.0 -151,2 -149.2 -151.2
35 329 4:41:56 -150+4 -150 5 -150.9 - . -149.4 -:11.1
36 329 4:54:56 -151+4 -151.2 - 151, --151.7 --149.9 -.1.51.8
37 329 5.* 7:056 -:151.2 -151.4 -:1.51.6 1-1.20 -150.1 -152.0
38 329 5'2):56 -150.9 I-151.4J -151.4 --150.9 -149.0 -151.4
39 329 5*33*55 --l150.8 -150.9 -151,4 --151.14 1 -149.7 -:1:1.4
40 329 5: 46 : 55 -150.8 --151.5 -15:1.9 -151.7 -149.6 -151.9

41 329 5:59:55 -150.6 -l50#4 -150.9 f-150.91 -148.6 -150,9
42 329 6:12,55 -150.6] -L50,3 -150.6 -150.4 -148t6 -150.6
43 329 6:25:[54 -1419,8 -15 0.2 -:1.0.6 -1.5":0.5 -148.: -150.6
44 329 6:38:54 -149,6 -1.49.7 -150.1 J.3-c: -148.1 -1O.:1
45 329 6:51:54 -149.3 -149+4 -149.9 J-150.1 -148,4 -150,1
46 329 7? 4:54 -149.5 -149+ 7 -150.0 -149,6 -148,3 -150.0
47 329 7:17:53 -149,3 -149.5 -149.9 -1FOI -143.2 -150.1

48 329 7:30:53 -150,1 --150,4 -508 -150.6 -148.9 -150.8
49 329 7:43:53 -150.2 -150.2 1-150.4 -150.2 -148.6 -150.4
50 329 7:56:53 -150,5 -150.1 -150, 1-10.9l -149,1 -:1.50.9

51 329 8? 9:53 --150,6 -150,1 -150,7 j 9 -1492 -150.9
52 329 8:22:+52 -150.9 -151.5 -152.1 -152.0 -149+8 -152.1
53 329 8:35:52 -151.3 -1 51.6 -152 .2 -152.0 -149,8 -152.2
54 329 8:48:52 --151.3 -151.6 -152.1 -151.7 --149.6 -152.1

,.55 329 9 1:52 -151.2 -151,9 -152.2 -1 522,- 0 -149.7 -152,2
56 329 9:14:52 -151.1 -151.0 -151.6 -151,5 -149.9 -:1.51,6
57 329 9:27:51 -:150.7 -150.8 -151.0 -151.0 -148.9 -151.0
58 329 9:40:51 -151,0 -151+0 -151.3 -151.0 -149,2 -151,3
59 329 9:653:51 -149.6 -149.8 -150.4 -150.2 -148.5 -150.4
60 329 10 6:51 -150,1 -150.4 -1506 -150.5 -148.7 -150.6
61 329 10:19:51 -149.8 -149.6 -149.9 -150J -148.4 --150.1
62 329 10:32:51 --149.1 -149.5 -149.7 -149.9 -148.1 -149.9

63 329 10:45:51 -149+1 -148.8 -149.4 -149,.5 -147.6 -149.5
64 329 I0#58450 -149,2 -149,2 -149.8 149t9 -148,1 -149.9
65 329 11:11:50 -148.8 -148.7 -149.1 [149.3 -147.8 -149.3
66 329 1124:50 -149.1 -149.3 -1.49.7 - -147,9 -149.8
67 329 11,'37550 -148,7 -148.6 -:148.0 -148.7 -147.1 -148.9
68 329 11:50:50 -147.9 -148.3 -148,5 -148.2 -146.3 -148.5
69 329 12:. 350 -147.3 -147*4 147,6 J-147,61 -146.0 -147.6

DAILY MEAN -149,9 -150,1 -150,4 -150.3 -148,2 -150,5

STANDARD DEV. 1.1 1,2 1.2 1.2 1.3 1,2

20



w5
LU

'~ I EFFECTIVE NOISE LEVEL

ci~~~t o 45MN
w 

r-II2 62U 3 -19: -185 14 0 14~. -15. MIN9.

286 20:29: 2 --14' -14 -4.t -14 S - -145If 149-1386 20:42: 2 -148.2 -148.,6 -149.2 -1r1-4.7 -4.4~ 486 055 1 1473 -470 -48,) 14 7. 6 -144.9 -148.
5 86 20 8: 0 -147.6 -17z-4. 18, 158 -4.

~i 8621:0:+ -14 6 -14 9.2 :L6~ -147.1 -:1451 --1479 L

7 86 21:358 1.-1 3 --147.2 -148.1 -147.9 -144.9 -148.3 0 c
8 86 2146:57 -14 -148.1 -148.0 -148.0 -145.6 -148.3-11
6 86 21:59:560 -148.5 -148,3 -148.58 -1:487.61 -:14. 5f" -148.t6 -c
108-2:2558 181 -4. -148.4 -1487,2 -146 .2 -1.48.4 %
11 86 22:23:5 -149. 14, -19. -147. -149. 00

128 23:3 -14. -- 149.1 -1480.9 -14 8 .0 -14 6 -149.1
13 86 221:652 -14 to18, -187 -17 -4o7-4.
186 23:5 4: 51 -148+514843 1+ 8 6 -1 46.53 -148.6

16 86 23:30:124#9 -148.81- -148 -18. -148.7 -146.3 -148.8 I
17 86 23:43:5+#4 -1 47.7 -147.2 -147.5 1-148+7 -146.0- -148.1 . c r
18 86 '2354 -147.0 -1747.8 -.147.7 -148.2 -14'5.8 -148.2 F- "

13 87 22+49:475 -.14867 -- 146.3 1-.146.4 7 -1487 -145.3 -1487
20 87 22465 -146.1 -146.9 -17. -147.2 -1456 -1478.5 2_ 0
15 87 035:455 -147.0 -149.2 -147.1 -147.5 -3.47.0 -149.5
12 87 2:0:44 -4. -148.0 -146.0 -146.1 -144.4) -146.1
23 87 23++1:43 -145.6 -145.4 -1475 -146.2 -1446 -146.21

25 87 27:542 -145.0 -145.0 -145.27 -145.2 -143.4 -145.5-
26 87 1041 -145.7 -157 -4, 164 -4. 144

2 87 15:0 -146+0 -144.1 -14645 -145.0 -143.3 -145.0

30 87 0232:38 -140'.5 -145.9 -147.9 -1475 -144.2 -1459
31 87 2:45:374 -146.4 -146+2 -145.8 -146.0 -143,9 -146.4 c
32 87 2:548:36 -16. -146,2 -145.8 -14.1 -143.8 -146.2 -

33 87 11+3 -1456 -146.4 -146.7 -1* -144.6 -146.7'
34 87 3:214:3 -146.2 -145t6 -14564 -1.1 -144.0 -146+7
25 87 3:327:4 -145+ -147.0 -147.1 -147.0 -14348 -147.2 -
36 87 3:540:33 -145+ -147.7 -147.9' -147.7 -145.6 -147.9
37 87 1 :324 1-147,0 -147.0 -146+5 -147.2 -144.8 -147.2
38 87 24:16:*31 -148.0 -147.8 -1475,5 -147.8 -1454 -148.0
39 87 429:+31 -147.7 -147.8 -14.8 -147.3 -144.7 -147'.9
40 87 42:303 -147,65 177LZZ -147.7 -145.2 -147.7
41 87 45:29 -148.9 -148.7 -146.3 -148.1 -145.6 -148.9
42 87 25 8:28 -1486 -=148.5 -14587 -148.4 -143.8 -148.7
43 87 5:2'1:283 -16, -149.1 -19. -149.1 -146.6 -149.3
44 87 5:#34 16. -149.0 -1486 -148.6 -146.0 -149.0
45 87 5:47:26 1-149.327 -149.,4 -147~.1 -149.3 -146.8 -14972
46 87 6 #0:25 1-479 -149.47 14. -148,7 -146.03 -1479
47 87 6:132 L47*1 -1570 -1450961-150.2 -147.9 -11.
48 87 46624 -10. -150.5 -140,4 -145102 -147 -5.

49 87 6:39:.23 148 -16 -1 -150. -150.2 -147.4 -1518

40 87 6*+323 -151.1 -150.7 -150.4 -150.3 -147.7 -151.1



I~~~~44~ 8- --~f 7 -T9-~ -1~11 86 2-2.,54  "-1#7. -0149.2 -149A -149.7 -147.1 -149.7 co r
,., li -149ii12 86 22:38 , -148.9 ---.49.. -148.9 -148.8 -146.8 -149.1 p

Z, 13 86 22 #0 51 52 --148# 6 -18 3 --I48. -18 71 --J46: *7 -13.48*7 m-

14 86 23: 451 -148.1 -148.1 -'14*8-148 .2,i -6.3 -148.
15 86 23 17:50 -149.0 -149.0) *-149.3 3 49, -147.0 -149.
16 86 23:30:49 -148.8 -148.4 -148.2 -148.7 -146.3 -148.8 4

17 86 23:43:49 -147.7 -147#2 -147.5 -148.1 -146.0 -148.1 .,
18 86 23:56:48 -147.0 -147*8 -147.7 -14 -1.45,8 -148.2
19 87 0# 9:47 -146.7 --146.3 -1.46.4 -147t -145+3 -147.0 .
20 87 0:22:46 -146,7 -146.9 -147.0 -147# -145,6 -147.5
21 87 0:35:45 -147.0 - 147 -47,1 -. -.14,. -14.5 0
22 87 0:48:44 -146.1-1460 -146.0 -147# -144.4 -146.1

23 87 1* 1:43 -145+6 -145,4 -145#8 -146.2 -144.6 -146.2 .
24 87 1:14:43 -145,4 -145o7 -145.6 -146#, -144.0 -146.1 a
25 87 1:27:42 -145.0 -145.0 -145.2 -145. -14344 -145+5.
26 87 1:40'41 "-145,7 --145.7 -145.6 -1464 -144,0 -146.4
27 87 1:53:40 1-14501 -144.1 -144+5 -145.0 -143.3 -145.0
28 87 2: 6:39 -145.3 -145.1 -145.5 -146#1 -144.1 -146+1
29 87 2:19:38 -145.6 -145.6 -145.8 -146.2 -144 2 --146.2
30 87 2:32:38 -145+5 --14.1-14.914144,2 -145+.
31 87 2:45:37 -146.4 -146.0 -145.8 -14.0 --L,43.9 -146.4
32 87 2:+58:36 -146.1 -146.2 -145,8 I--14,2. -l143.8 -146,2
33 87 3:#11:35 -1464 -146o4 I o., -146.7 -144,6 -145,7
34 87 3:24:34 -146.2 -146.6 -146.,4 -146,: A -14 40 -146.7
35 87 3:37:34 -147.2 -147.0 . -147. -147,0, -144.8 3 --147.2
36 87 3:50:33 -147.9 -147.7 -147,9 -147.7 -145,.6 -147.9
37 87 4# 3:32 -1470 -14/0 -146,9 1-147.2 "-:44.I+8 -1.4/.2

38 87 4:16:31 -148.0 -147.8 -14"77 -147.8 -145 4 -1.48.0
39 87 4:29:31 -147.7 -147.8 1-147.9 -147.3 -144.7 -147.9
40 87 4:42:30 -147.6 -147.I-1 -147. --14,2 -147.7

41 87 4:55:29 -18.9 -148.7 -148.3 -1-18+1 -145.6 -148.9
42 87 5* 8:28 -148.6 -148#5 -o -i0.4 -145.5 -148,7

43 87 5:21:28 19.3 -149.1 -1490.1 -119.1 -146.6 -149.3
44 87 5:34:27 1-49.01-149.0 -148t6 -i48,6 -146.0 -149.0
45 87 5:47:26 -149.3 -149.4 1-149+7 -149.3 -146.5 -149.7
46 87 6: 0;25 1-19.8 -149.4 -149.0 -148.7 -146.3 -149.8
47 87 6'13'25 -151+1 -1506. -1150.6 -150. -147.9 -11.1
48 87 6:26,24 -150.4 1-150. -150.4 -150.2 -1 4,2 -150*5
49 87 6:392 .. 8 -I-j.0 --1509 -15O., -147.4 -151.8
50 87 6:52:23 1. -1!.7,. -150 4 -150. -1.417.7 -1,1.I
51 87 7_ 52 156 -150.6 -150,2 -150.0 -147.6 -,50.#6
52 87 7:184 1507 -1503. -150.4 -150.1 -147.9 -1o./
53 87 7:31:40 -150 . -149.9 -150.2 1-150.4 -148.5 -150.4 A
54 87 7:44:40 -150.6 -151.1 -151.2 Ii1.41 -149.1 -151.4
55 87 7:57:39 -2 -131. -151, 5 -151+l4 --149.3 -- 15.0
56 87 810938 152.11 -151+8 -151.5 -15l.3 -149 2 -152+1

57 87 8:23:38 -150#6 1-11.11 -151. -150.9 -1403 -151.1
58 87 8:36:37 -149+7 1-150.-, -150.1 -150. -147.7 -1505

59 87 8:49:36 -0,, -150.4 -150 -149.8 -147.6 -150.5
60 87 9 2:36 -11.51 -1.5 -151,4 -151.2 -14.0 -151.,5
61 87 91535 -150.9 -5l+ -151.1 -151.0 -1,3 -151.2

62 87 9#28:35 -149.6 -10.2 -149c?. 9 -149. 9 -147#6 -150.2
63 87 9:41:34 -149t5 -149.7 -14.8 --149.6 --146.8 -149.8
64 87 9:54:33 -148%5 -149.0 -149.1 -149.2 -146.9 -149.2
65 87 10: 7:33 -148.5 -149.0 -149 .1 -19.5 -147.0 -149+5
66 87 10:20:32 -147.8 -148.1 -148.2 -148.6 -146.2 -148.6
67 87 10:33:32 -147.5 -147.7 -148.2 -148.2 -145.7 -148.2
68 87 10:46:31 -146+6 -146.5 -146.6 1-146* -145.2 -146.9

DAILY MEAN -148.3 -148.3 -148.3 -148.3 -146#1 -148.6

STANDARD DEV. 1,8 1.8 1.8 1,6 1.5 1.7

21



ww

2 w EFFECTIVE NOISE LEVEL

z (DB RELATIVE TO 1A/m/,/Hz) c
w rnIM)

So1 2 3 4 5 MIN. 10

1 106) 20:11:15 -139.-.7 -139.7 -140.2 -140.8 -139o8 -140,8 ~
2 106 20:624:*15 -139*3 -139.6 -140,1 -140.4 -138,9 -140.4

3106 20:+37:014 -139.8 -140.2 -140. 2 -140.2 -139,1 -140.2
4106 20:+50:#14 -139.9 -:140,8 -140.5 -140.7 -139*2 -140.8

10-12. -140, -142.6400
-142. -10. --142.6 -141.0 -142.8

6 062*+6*1 -393-14106+4 1, -141.6 -140+3 -141.6
7 16 2'#9'#3 1403 -140.9 -141.3 -141.3 -139.5 -141.5

0

816 62 +4 #11 -11+"-4. -14151 -141+4 -140+2 -142.2 . r,-

917 6 81'5#2 -4. -142.4 1-14124 -142.1 -140.6 -141243

1019 622 0 4# 8? -140t,5 -14217 -141*2 -141.4 -140.1 -14217d
20 107 220:1:17 -141.6 -142.7 -142.3 -142.35 -140.7 -142.7 F 0

12 107 0:*31: 7l -14218 -142+3 -141,3 -141. -14103 -142.3 8(nc
22 107 044: 60 -141t8 -1431 -142,7 -142.6 -140.9 -143.1
23 107 3 07:0 -142.2 -141258 -142.1 -141.8 -140.5 -14245.8
24 107 210: 9 -142.4 1 -14 -1 -14 -142 -:141.2 -143.4O
25 107 23:4 9 -142.6 -142.2 -143.0 -142,9 -1410 -1431,32
26 107 136:9* 8 -142.9 -143.4 1-143,0 -142+19 -141.4 -143-:,6
27 107 1:49:# 4 -141.8 -142.7 -142,9 -142.72 -141.0 -142.9
28 107 2:. 52 8 -141.5 -141.9 -141,8 -141.8 -140.6 -141.9 c

30 107 2:218: 3 -141.0 -142+57 -141.3 -1412.3 -140.6 -141.70
31 107 2:431: 2 -141.4 -142.0 -141*9 --141.9 -140.2 -142.0
32 107 25*44 2 -141.8 -142.8 -142.4 -142.3 -1410 -142.8 -

33 107 0 57: 2+ -141.8 -14^f2 .7- -142.6 -142.6 -140.6 -142.7 -

34 107 3:20: 1+ -142.2 -143.4 - 1432,0 -143.2 -141,4 -143.4
35 107 3:33: 1 -143, -144.3 -143.9 -143.9 -142.6 -144334
36 107 136: 0 -144.79 14. -144.8 -142.9 -1431 -145.5
37 107 35#9: 04 1 -14 -1 -14 -146. -145, 14. -4.

38 07 :1159 -14.7 1469 16-14 1459 -144.2 -146.9
39 107 4:+2:59 F-145.7 -141.8 -145.5 -145.6 -143.8 -145.8
40 107 4:3759 -145.3 -144,6 -14151 -144,4 -142.9 -145.3
40 107 245283 -144.3 -144,7 -144.5 -1414,0 -142t7 -144,5
42 107 2443:58 -143,3 -14320 -1436 -143,2 -141.7 -143.6
32 107 24015t -1421 -142.3 -142.4 -142.2 -14105 -142.4
44 107 5:297 -143.1 -143.0 -143,6 -142,~6 -141.6 -143n.1
4 107 5:2:56' -142.9' -143.4 -143.5 -143,0 -141.4 -143.5
46 107 35:53:#6 -143.4 -1443 -143,6 -143,9 -141.6 -1443
36 4 107 360 8:5 -144.7 -144,1 -144,1 -143.7 -142,0 -14413#



10 106 22: 8:12 -140,7 -142.1 -141.7 -1412 -139.9 -142.1
11 106 22:21:11 --142.2 -142.6 -14244 -142*5 -140,9 -:142.6 
12 106 22:34:11 -142.1. -142.8 -.1423 -142.3 -:1410 -142.8 
13 106 22:47:10 -141.4 -141.6 -:141,4 -141.6 -140.3 --:141.6 i
14 106 23: 0:I0 -140.7 -14:1.5 -141.3 -141+3 -139.5 -141,5 -4
15 106 23:13: 9 -141.4 -141.9 --141.8 -142.0 -140,7 -142.0 

16 106 23:#+ 26: 9 -141.3 -142.2 -141+9 -141.9 -- 140.o2 --:422
17 106 23:39: 8 -141.6 -142.4 -142,4 -142.1 -140.6 -142+4 >
18 106 23:52: 8 -141.8 -142.4 --142.3 -142,2 -140+6 -142.4
19 107 0: 5: 8 -141.5 -141.7 -141.2 -141.4 -140.1 -141.7 rh.,4
20 107 0#18 7 -141.6 -142.7 -142.3 -142.3 -:140,7 -142.7 0

z21 107 0:31: 7 -141.8 -142.3 -141.9 -141.6 -14043 -142.3
22 107 0*44 6 -141,8 -143.1 -142+7 -142.5 -140.9 -143.1
23 107 0:57: 6 -142.2 -142.8 -1.42.1 -141.8 -140.5 -142.8 -4 W

24 107 1:10: 5 -142.5 --143,4 -142,9 -14',5 -141.2 -143.4
25 107 1:23: 5 -142*6 -143,3 -143.0 -142.5 -141+0 -143.3 u
26 107 1:36: 5 -142.9 -143.6 -143,0 -142.9 -141.4 -143.6
27 107 1:49: 4 -141i8 -14247 1-142.9 -142,7 -141.0 -142.9
28 107 2" 2: 4 -141.9 -141.9 -141.8 --:41.8 -140.6 -141.
29 107 2:15: 3 -140.2 -141.7 -141.5 -141.3 -139.8 -141.7
30 107 2.28: 3 -141.0 -141.7 -141.3 -141.3 -14066 -:141.7
31 107 2:41: 2 -141.4 -:142.0 -141,9 -141.9 -140.2 -1.42.0
32 107 2:54: 2 -141.8 -142.8 -142.4 -142.3 -141.0 -142.8
33 107 3: 7: 2 -141,8 -142.7 -142,6 -142.6 -140.8 -142.7
34 107 3:20: 1 -142.2 -143,4 -143,0 -143._ -141,4 -143#4
35 107 3:33 1 -143.7 -144,3 -143.9 --143.9 -142.6 -144+3
36 107 3:46: 0 -144.7 -145,5 -144.8 -144.7 -143,1 -145.5
37 107 3:59: 0 -146.2 -147.4 -146.4 -145*8 -144.2 -147.4
38 107 411:59 -145+7 -146.9 -146.4 -145.8 -144.2 -146+9
39 107 4:24:59 -145.7 -145.8 -145.5 -145.6 -143.8 -145,8
40 107 4:37:59 -53 -144.6 -145.1 -144+4 -142.9 -1453
41 107 4'50458 -144.3 -144,4 -144+5 -144.0 -142.7 -144.5
42 107 5: 3:58 -143.3 -143.2 -143.6 -143.2 -141,7 -143.6
43 107 5:16:57 --142.1 -142.3 -142+4 -142.2 -140.5 -142.4
44 107 5:29:57 F-143.11 -143.0 -143.1 -142.6 -141.6 -143.1
45 107 5:42:56 -142.9 -143.4 -143.5 -143.0 -141,9 -143,5
46 107 5:55:56 -14344 -143:4 -143.6 -143.3 -141.5 -143.647 107 6#* 8:*56 -143.7 j-4.j-144+1 -143.7 -142.0 -144+1

48 107 6:21:55 144.4 -144.1 -144.3 -143.8 -142#2 -144,4
49 107 6:34:55 -143.8 -144.0 -. 6 -144.1 -142.4 -144+6
50 107 6:47:54 -144.9 -144,6 -144.8 -144.3 -142.7 -144.9
51 107 7: 054 -144.4 -144.7 -145.2 -144,8 -142+9 -145,2
52 107 7:13:53 -144.9 -144,7 -145.1 -144.2 -142.8 -145,1
53 107 7:26:53 4.8 -144,8 144.8 -144.3 -142.5 -144.8
54 107 7:39:53 -144.3 -144#6 -143.0 -144.5 -142.6 -145.0
55 107 7:52:52 -144.7 -144.7 '-145.3 -144.8 -143.0 --145,3
56 107 8t5:52 -145.2 -145.2 -145.5 -144.7 -142.9 -145,5
57 107 8#18:51 -146.4 -146.3 -146.2 -145.5 -143.7 -146.4

58 107 8:31:51 -146.5 -146.3 -146,1 -145. -143.5 -146.5
59 107 8:44:50 -146.8 -146#7 -146.5 -145.1 -143.8 -146.8
60 107 8:57:50 -146.2 -145.7 -146.1 -145.3 -143.7 -146.2
61 107 9:10:50 -145.0 -144.9 -144.7 -143.9 -142.3 -145.0
62 107 9:23:49 -144.0 -144,0 -1-4-42 -143.8 -142 1 -144 .
63 107 9:36:49 -144.5 -144.1 -144,1 -143.3 -141.8 -144.5
64 107 9:49:48 -143,4 -144.6 -144.9 -143t9 -142.2 -144.9
65 107 10: 2:48 -144.2 -144.1 4 -143,7 -142.2 -144.4
66 107 10:15:47 -143,9 -144.2 -144.1 -144.0 -142.7 -144.2
67 107 10:28:47 -142.9 -142.6 -143.3 -142.9 -141.3 -143.3
68 107 10:41:46 -142.7 -143.1 143.3 -142.8 -141.0 -143.3

DAILY MEAN -142.9 -143.3 -143,2 -142.9 -141.4 -143.4

STANDARD DEV. 1.9 1.7 1.8 1.5 1*4 1.7
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Table 7
Comparison of the noisy and quiet days for the summer, fall and spring seasons of the

measured daily minimum mean effective noise in Italy and Norway

ITALY NORWAY

NQITNIYQUIET NOISY
SEASON DAY DAY DAY DAY

S MMER -142.7 1 -138.0 -144.8 -138.3

FALL I -1505 -145.5 -152.3 -147.0

SPRNG ~34-150.2 -146.4
SPIN -148.6

-151.9 -145.5

23


